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http:WHAT THIS PAPER ADDS
This study provides systematic investigations and comparison of gender differences in the biomechanical
properties, thrombus age, mass fractions and key clinical factors of abdominal aortic aneurysms (AAAs). Biaxial
mechanical responses and dissection properties of male and female AAA tissues (including intraluminal thrombi
and AAA walls) are reported for the ﬁrst time. As a novel factor to assess wall strength, thrombus age was not
explored from a gender perspective prior to this study. From the wall-weakening point of view, relative
thrombus age due to gender differences may explain why female AAA walls have higher rupture risks. Moreover,
a quantiﬁcation of the mass fractions of elastin and collagen within the AAA walls is also new. Variations of these
two protein components lead to changes in the biomechanical properties of AAA walls and thus may inﬂuence
aneurysmal development and rupture. The present ﬁndings may explain gender differences in AAA development
and rupture.Objective: The main purpose of the present study is the investigation of gender differences in the biomechanical
properties, thrombus age, mass fraction and key clinical factors of abdominal aortic aneurysms (AAAs).
Materials and methods: A total of 90 AAA samples (78 males and 12 females) were harvested from open surgical
aneurysm repairs. Biaxial extension and peeling tests were performed to characterise the biaxial mechanical
responses and to determine dissection properties of both the intraluminal thrombi (ILTs) and the thrombus-
covered walls. Relative thrombus age was determined by characterising the ILT histological microstructure. Mass
fraction analyses quantiﬁed dry weight percentages of elastin and collagen within the AAA walls. Moreover, we
statistically compared clinical factors between male and female.
Results: The luminal layers of the female thrombi and the female AAA walls showed a signiﬁcantly lower tissue
stiffness (modulus) in the longitudinal direction when compared to males. Gender differences were also shown in
the dissection properties of the intimaemedia composite within the AAA walls, in which a statistically
signiﬁcantly lower energy to propagate a dissection was quantiﬁed for females than for males. Moreover, 82% of
female thrombi were relatively older (ILT age phases III and IV), twice that of male thrombi (43%). A pronounced
lower elastin content was identiﬁed for the intimaemedia composites of male AAA walls, whereas female AAA
walls had signiﬁcantly lower dry weight percentages of collagen. Regarding clinical factors, nicotine pack years,
serum creatinine and AAA expansion rate were found to be much higher for male patients.
Conclusion: These ﬁndings may help to explain higher risks for AAA growth in males and the ruptures of smaller-
sized AAAs in females.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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//dx.doi.org/10.1016/j.ejvs.2013.01.003a variety of studies.1e4 It is well known that males are more
susceptible to developing an AAA, with a prevalence of 4:1
(male:female).5 However, females have signiﬁcantly faster
growth rates2,6 and greater proportional dilatations7 when
compared with males. The reasons for gender-related
differences remain unclear.8 A rodent experimental model9
implied that the oestrogen-mediated reduction in macro-
phage matrix metalloproteinase (MMP)-9 production in
females was a main trigger for the disparity. Many studies
J. Tong et al. 365also focussed on the effect of gender on the risk of AAA
rupture indicating that females had 3e4 times higher risks
of aneurysm rupture than men,10,11 as well as a higher
proportion of ruptured versus elective repair.10,12
Recently, ﬁnite element analysis13 was used to compute
peak wall stress and peak wall rupture risk (PWRR) with
a gender perspective showing that PWRR is slightly higher
in females. To date, a few studies describe the inﬂuence of
gender on the biomechanical properties of AAA. The
ﬁrst and the only paper in this ﬁeld was by Vande Geest
et al.14 The authors performed uniaxial extension tests to
investigate the ultimate tensile strength of AAA wall tissue
between different genders suggesting that there was
a trend towards a decrease in the wall strength in females
compared to males. However, information was lacking
about the orientations of their rectangular specimens and
more importantly, the mechanical behaviours of AAA wall
tissue under multi-axial loading conditions for males and
females remained unknown. Recently, the intraluminal
thrombus (ILT) has received more attention in numerous
AAA studies.15e19 In particular, relative thrombus age ﬁrst
proposed by our laboratory18 is an important factor to
assess the strength of the wall underneath the ILT. This
motivates our effort to explore gender differences in the
biomechanical properties of tissues considering thrombus
age. Moreover, there is a need to quantitatively determine
the mass fraction of elastin and collagen within the male
and female AAA walls.
The present study focusses on four aims: (i) we explore
the inﬂuence of gender on the biaxial mechanical responses
and the dissection properties of both the ILT and the
thrombus-covered wall; (ii) we focus on the distributions of
the relative thrombus age for male and female patients; (iii)
we investigate gender differences with respect to mass
fractions of elastin and collagen within AAA wall tissues;
and (iv) we compare some key clinical factors between male
and female patients in order to examine whether gender
difference is of consequence or not.MATERIALS AND METHODS
Patient population
This study included 90 patients (mean age 69  13 years, 78
males and 12 females) who underwent open surgical
aneurysm repairs from November 2008 to March 2012 at
the clinical department of vascular surgery, LKH Graz,
Austria. Note that 61 male and 9 female aneurysms (out of
a total of 90) were asymptomatic and 5 male aneurysms
were ruptured. Use of the material was approved by the
Ethics Committee, Medical University Graz, Austria. All
samples including the ILT and the thrombus-covered wall
were procured from the anterior portion of the aneurysm
and stored in Dulbecco’s Modiﬁed Eagle’s Medium (DMEM)
after retrieval. The maximum AAA diameters were obtained
from computed tomography (CT) scan images. The
maximum ILT thicknesses were measured at three different
locations of the thickest part for each ILT sample and thenaveraged. The mean wall thicknesses were quantitatively
measured by a PC-controlled video extensometer.
Biomechanical tests
Details of specimen preparations and the experimental
protocols for biaxial extension and peeling tests are
described in the previous studies by Tong et al.18,20 Peeling
tests quantitatively determine the energy required to
propagate a dissection in a tissue.20 Brieﬂy, rectangular
strips were cut with a uniform dimension of 18.0  6.0 mm
(length  width) and were further given an initial cut
(incision of about 2.0e3.0 mm in length) using a surgical
scalpel in order to better control the initiation of the tissue
failure. Hence, two ‘tongues’ were obtained for mounting
the strips onto a PC-controlled, screw-driven, high-precision
tensile testing machine. The tests were executed in phos-
phate-buffered saline solution at 37.0  1.0 C and the
extension rate of 1 mm min1 was maintained throughout
the test. In the current study, peeling tests were performed
to dissect the material: (i) within the individual ILT layers,
(ii) through the ILT thickness and (iii) within the aneurysm
wall underneath the thrombus. For more details of the
protocol see the relevant sections in a recent study,21 which
provides the quantiﬁed dissection data for the current
work.
Biomechanical data analysis
The Cauchy stress s and the stretch l were computed to
quantify the biaxial biomechanical responses of the tissue.
Themean peak stretch (MPS) values (lq,max and lL,max) for the
three individual ILT layers and the thrombus-covered AAA
walls in the circumferential and longitudinal directions were
recorded. The maximum tangential modulus (MTM), deﬁned
as the slope of the nonlinear stressestretch curve at the
maximum load, was calculated for each patient and further
averaged to assess tissue stiffness at Pqq ¼ PLL ¼ 20 kPa for
the ILT and at Pqq ¼ PLL ¼ 150 kPa for the AAA wall. For the
peeling test, the force/width values denoted by Fpc and Fpl
were measured and averaged for the circumferential and
longitudinal strips, respectively. Furthermore, the dissection
energy per reference area, say Wdissect, during the (circum-
ferential c and longitudinal l) peeling (p) was quantiﬁed by
subtracting the elastic energyWelastic from the external work
Wext, that is, Wpcdissect ¼ ðWcext WpcelasticÞ=Lpc and
Wpldissect ¼ ðWlext WplelasticÞ= Lpl, where Lpc and Lpl denote
the reference lengths of the strips in the circumferential and
longitudinal directions, respectively. The way the elastic
energy and the external work during the peeling are
computed has been described in a previous study.20
Thrombus age determination and mass fraction analysis
Current techniques of thrombus age determination within
the AAA are used to characterise the microstructural
changes in histology; for details of the methods see the
related studies.18,19
The mass fraction analysis in the current study quanti-
tatively determines the dry weight of elastin and collagen
Table 1. Data for age, maximum AAA diameter, maximum ILT
thickness and wall thickness for male (n ¼ 78) and female
(n ¼ 12) patients.
Male
(n ¼ 78)
Female
(n ¼ 12)
p-Value
Age (years) 66  11 75  6 0.01
Max. diameter (cm) 5.9  0.9 5.3  0.6 0.03
Max. ILT thickness (cm) 2.3  0.8 2.0  0.5 0.21
Wall thickness (mm) 2.6  0.6 2.3  0.4 0.11
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Tissues were frozen in liquid nitrogen and homogenised by
grinding in a mortar with a pestle. The wet and dry weight
of the homogenate after reaching a constant weight by
drying for 3e4 days at 105 C were determined,
respectively.
Elastin quantitation was performed with the Fastin
Elastin assay (Biocolor, Carrickfergus, County Antrim, UK)
following the manufacturer’s instructions. Essentially,
elastin was extracted three times from the dried tissue
homogenates with 100 C hot 0.25 M oxalic acid for 1 h.
Elastin precipitated by trichloroacetic and hydrochloric acid
was bound to the dye 5,10,15,20-tetraphenyl-21H,23H-
porphine tetra-sulphonate and resolubilised in guanidine
HCl for spectroscopic analysis at 513 nm. Elastin amounts
were calculated from a standard curve determined by co-
processing elastin standards of 12.5, 19, 25, 35 and 50 mg.
Collagen analysis was performed by following the pub-
lished procedures.22 Speciﬁcally, collagen was hydrolysed by
2 M NaOH for 20 min at 121 C in an autoclave. Released
hydroxyproline was oxidised by Chloramine-T. Addition of
Ehrlich’s reagent resulted in a chromophore that was ana-
lysed by spectroscopy at 550 nm. Hydroxyproline amounts
were calculated from a standard curve determined by co-
processing hydroxyproline standards of 0e20 mg. Collagen
amounts were calculated from its hydroxyproline content of
12.5%.23Clinical factors
The study included 90 patients undergoing open abdominal
aneurysm repair. All patients had a preoperative abdominal
aortic CT scan. Patients’ data were collected prospectively
after being admitted. Information which was entered into
the database included patients’ demographics; body mass
index; history including nicotine use; comorbidities
including hypertension, diabetes mellitus and renal
dysfunction; preoperative clinical data; and CT results.Statistical analysis
All results were statistically reported as mean  standard
deviation (SD). The ShapiroeWilk and the Kolmogorove
Smirnov tests were used to determine the data normality.
Comparisons of the quantitative values between males and
females were performed by using the Student’s t-test and
chi-squared test. A p-value of <0.05 determined
signiﬁcance.
RESULTS
Patient data
Comparisons of age, maximum AAA diameter, maximum ILT
thickness and wall thickness from 78 male and 12 female
patients are documented in Table 1. Males were signiﬁ-
cantly younger (p ¼ 0.01) and had larger AAA diameters
(p ¼ 0.03) than females. No signiﬁcant difference was found
in either the maximum ILT thickness (p ¼ 0.21) or the wall
thickness (p ¼ 0.11) between males and females.Biomechanical properties
The ShapiroeWilk and the KolmogoroveSmirnov tests
showed that the MPS and MTM values and the dissection
energy were normally distributed.
Biaxial mechanical responses
In order to assess biaxial mechanical responses, a total of 45
male and 7 female samples were tested and analysed. The
mean biaxial mechanical responses of the luminal, medial
and abluminal layers and the thrombus-covered walls
considering gender differences are shown in Fig. 1. The
relevant MPS and MTM values in the circumferential and
longitudinal directions for males and females are summar-
ised in Table 2. The circumferential and longitudinal MPS
values of both luminal and medial layers and the longitu-
dinal MPS values of the thrombus-covered wall were
signiﬁcantly larger for females than for males (all p values
<0.05). The luminal layers of the female thrombi and the
female AAA walls showed a signiﬁcantly lower MTM
(p ¼ 0.04 vs. 0.03) in the longitudinal direction when
compared to males.
Dissection properties
We performed peeling tests to dissect 33 male and 5 female
samples. Gender differences in the dissection energy of the
individual ILT layers through the ILT thickness and within
the thrombus-covered walls are shown by the column plots
in Figs. 2e4, respectively. The computed dissection energy
values for males and females are summarised in Table 3. No
signiﬁcant difference was found in the energy values
between males and females to dissect the individual ILT
layers. A statistically signiﬁcantly lower energy to propagate
a dissection (subsequently called ‘fracture energy’) was
quantiﬁed within the intimaemedia composites of females
when compared to males (circumferential: p ¼ 0.01;
longitudinal: p ¼ 0.04).
Thrombus age
Four relative thrombus age phases, namely phase I (very
fresh), phase II (young), phase III (intermediate) and phase
IV (old), were proposed to describe the ILT evolution within
the AAA; the relevant histological characteristics for each
age phase are summarised in a previous study.18 In the
current study the thrombus ages of 78 ILT samples were
determined by histology, which consist of 4 fresh, 36 young,
22 intermediate and 16 old thrombi. Within each thrombus
Figure 1. Gender differences for the mean biaxial mechanical responses of the luminal, the medial, the abluminal layers and the thrombus-
covered walls. Circ and long represent circumferential and longitudinal directions, respectively.
Table 2. Mean peak stretch (lq,max, lL,max) and maximum tangential modulus (MTM) values (mean  SD) between male and female for the
equibiaxial stress-controlled protocol (Pqq ¼ PLL ¼ 20 kPa) of the luminal (n ¼ 46), medial (n ¼ 40), abluminal layers (n ¼ 23) and for the
equibiaxial stress-controlled protocol (Pqq ¼ PLL ¼ 150 kPa) of the thrombus-covered walls (n ¼ 27).
Male (n ¼ 39) Female (n ¼ 7) p-Value
Luminal lq,max 1.16  0.05 1.20  0.03 0.04
lL,max 1.12  0.03 1.15  0.02 0.02
MTMq (kPa) 196  48 161  31 0.07
MTML (kPa) 290  52 246  39 0.04
Male (n ¼ 33) Female (n ¼ 7) p-Value
Medial lq,max 1.23  0.04 1.27  0.03 0.02
lL,max 1.20  0.05 1.25  0.03 0.02
MTMq (kPa) 143  35 125  29 0.21
MTML (kPa) 158  41 130  32 0.10
Male (n ¼ 17) Female (n ¼ 6) p-Value
Abluminal lq,max 1.28  0.04 1.30  0.03 0.28
lL,max 1.30  0.05 1.33  0.03 0.18
MTMq (kPa) 110  33 101  21 0.54
MTML (kPa) 105  25 93  18 0.29
Male (n ¼ 21) Female (n ¼ 6) p-Value
Thrombus-covered wall lq,max 1.08  0.03 1.10  0.02 0.14
lL,max 1.11  0.04 1.15  0.02 0.03
MTMq (MPa) 8.8  2.5 6.7  1.8 0.07
MTML (MPa) 6.3  2.1 4.1  1.6 0.03
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Figure 2. Gender differences in the dissection energy during
peeling within the individual ILT layers, i.e. luminal, medial and
abluminal. Circ and long represent the circumferential and longi-
tudinal directions, respectively. Male and female are represented
by M and F, respectively.
Figure 4. Gender differences in the dissection energy during
peeling within the adventitia and the intimaemedia composite of
the thrombus-covered walls. Circ and long represent the circum-
ferential and longitudinal directions, respectively. Male and female
are represented by M and F, respectively.
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with respect to the total number of male and female are
shown in Fig. 5. Approximately 82% of the female thrombi
were relatively old thrombi (ILT age phases III and IV), twice
that of the male thrombi (43%).Mass fraction
Mass fractions of elastin and collagen within the thrombus-
covered intimaemedia composite and the adventitia for
male and female patients are shown in Figs. 6 and 7,
respectively. Within the thrombus-covered intimaemedia
composite, males had a signiﬁcantly lower dry weight
percentage of elastin when compared to females (male:
4.8  3.4% vs. female: 8.9  2.9%; p ¼ 0.04), see Fig. 6.
However, the dry weight percentage of collagen in that
composite was signiﬁcantly higher for males when
compared to females (male: 25.6  5.9% vs. female:
18.3  5.1%; p ¼ 0.03). For the thrombus-covered adven-
titia, there was no signiﬁcant difference in the mass fraction
of the elastin between male and female (male: 8.7  3.5%
vs. female: 10.6  3.1%; p ¼ 0.33), see Fig. 7. However,Figure 3. Gender differences in the dissection energy during
peeling through the ILT thicknesses. Male and female are repre-
sented by M and F, respectively.males had a statistically signiﬁcantly higher dry weight
percentage of collagen with respect to females (male:
21.5  6.3% vs. female: 13.8  4.5%; p ¼ 0.03).
Clinical factors
The data of clinical presentation; nicotine abuse; body mass
index; concomitant diabetes mellitus, renal function,
chronic obstructive pulmonary disease and hypertension;
AAA shape; and expansion rate are shown in Table 4. All
patients had a history of hypertension. There was no
signiﬁcant difference between male and female patients
regarding the clinical status of the aneurysm at the time of
operation; body mass index; presence of concomitant dia-
betes mellitus, chronic obstructive pulmonary disease and
hypertension; and AAA shape. However, male patients
showed signiﬁcantly higher nicotine abuse represented by
pack years (p ¼ 0.03), value of serum creatinine (p ¼ 0.002)
and AAA expansion rate (p ¼ 0.026).
DISCUSSION
The data in Table 1 clearly indicate that the age of females
is signiﬁcantly higher than that of males. However, the
maximum AAA diameters were statistically signiﬁcantly
smaller for females when compared to males. From
a gender perspective, a lower AAA diameter did not indicate
a relatively lower risk for female patients in determining
elective surgical repairs since the normal aortic diameter of
females is on average 2 mm smaller than that of males.24,25
Instead, the relative AAA diameter, which is deﬁned as
maximum AAA diameter versus normal aortic diameter, was
suggested as a geometrical factor for the rupture risk
assessment.26 There was no signiﬁcant difference in either
the maximum ILT thickness or the wall thickness between
males and females. Note, however, that the AAA has
a signiﬁcant regional variation in wall thickness.27 Since the
wall samples in the current study were obtained from the
thrombus-covered regions, our results cannot be applied to
the whole AAA.
Table 3. Gender differences in the computed dissection energy (mJ/cm2) during peeling tests within the individual ILT layers (n ¼ 33),
through the ILT thickness (n ¼ 22) and within the thrombus-covered walls (n ¼ 29). The circumferential and longitudinal directions
are denoted by c and l, respectively.
Dissection energy (mJ/cm2)
Male (n ¼ 28) Female (n ¼ 5) p-Value
Within the ILT layers Luminal c 5.0  1.2 4.1  0.8 0.12
l 5.4  1.5 4.3  0.7 0.12
Medial c 4.7  1.1 4.0  0.7 0.18
l 5.0  1.3 3.8  0.9 0.08
Abluminal c 2.3  0.8 1.8  0.7 0.23
l 2.0  0.9 2.1  0.6 0.82
Dissection energy (mJ/cm2) p-Value
Male (n ¼ 18) Female (n ¼ 4)
Through the ILT thickness Luminal 5.2  1.1 4.7  0.7 0.39
Medial 3.7  1.2 4.1  0.6 0.53
Abluminal 2.3  0.5 1.9  0.6 0.23
Dissection energy (mJ/cm2)
Male (n ¼ 24) Female (n ¼ 5) p-Value
Within the thrombus-covered wall Adventitia c 9.5  1.5 8.6  1.7 0.25
I 8.9  0.9 8.2  1.1 0.15
Intimaemedia c 5.4  1.2 3.9  0.6 0.01
I 6.9  1.6 5.3  0.7 0.04
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layers, the circumferential and longitudinal MPS lq,max and
lL,max of females were signiﬁcantly larger than those of
males (see Table 2). The MTM in the longitudinal direction
was found to be signiﬁcantly smaller for females when
compared to males. These results suggest that the luminal
layers of the female thrombi are more extensible during
biaxial extension and generally weaker in the longitudinal
direction compared to males. Although the MPS values of
the medial layers in the circumferential and longitudinal
directions are signiﬁcantly larger for females, there was no
signiﬁcant difference in MTM values between genders. A
continuous increase in the extensibility and a decrease in
the stiffness from the luminal to the abluminal side were
observed in the biaxial mechanical behaviours of the ILT.18
Being the weakest layer in material stiffness, the MPS andFigure 5. Comparisons of the number of patients and their
percentages with respect to the total number of male and female
within each thrombus age phase. Male and female are repre-
sented by M and F, respectively.MTM values of the abluminal layers in the circumferential
and the longitudinal directions are not inﬂuenced by
gender. For the thrombus-covered walls, it appears that
females had a statistically signiﬁcantly larger value lL,max
but a signiﬁcantly lower value MTML when compared to
males, suggesting that aneurysmal wall strength in the
longitudinal direction is weaker for females than for males.
In contrast, gender differences were not observed in the
mechanical responses of the aneurysmal-wall tissue in the
circumferential direction. These results imply that the male
and female thrombi might have different wall-weakening
effects, which needs further investigations.
As can be seen from Figs. 2 and 3 and Table 3, no
signiﬁcant difference was found in the energy between
males and females to dissect the individual ILT layer (i.e.,
luminal, medial and abluminal) and through the ILTFigure 6. Mass fractions of elastin and collagen within the
thrombus-covered intimaemedia composite for male and female
patients. Signiﬁcant differences are noted for the dry weight
percentages of both elastin and collagen between male and
female.
Figure 7. Mass fractions of elastin and collagen within the
thrombus-covered adventitia for male and female patients. A
signiﬁcant difference is noted for the dry weight percentage of
collagen between male and female.
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not direction dependent for males and females. Based on
these experimental data, it is, therefore, suggested that
gender differences are not shown in the ILT dissection
properties. It should also be emphasised that the in vivo ILT
dissection occurs in a more complex and potentially
dynamic mechanical environment. Many factors may
directly (or indirectly) inﬂuence the dissection initiation and
propagation of the ILT within the AAA, and hence the
gender differences might exist. Although there is no
signiﬁcant difference in the dissection properties of the
thrombus-covered adventitia between males and females in
both circumferential and longitudinal directions, a statisti-
cally signiﬁcantly lower fracture energy can be quantiﬁed to
dissect within the intimaemedia composite for females
compared to males (see Fig. 4 and Table 3). Despite a more
disorganised aortic structure compared to the healthy
aorta,19,21,28,29 the dissection properties of the intimae
media composite for the male and female AAAs are
generally anisotropic, which means that more resistance is
given to tissue dissection along the longitudinal direction.
Further, we compared the relative thrombus age
between 67 male and 11 female patients. Since currentTable 4. Gender differences for the clinical data of 90 AAA patients; *
Clinical presentation Asymptomatic
Symptomatic
Ruptured
Body mass index
Nicotine (Pack years)
Diabetes mellitus
Serum creatinine (mg/dl)
Chronic obstructive pulmonary disease
Hypertension Normal
Controlled
Poorly controlled
AAA shape Fusiform
Saccular
AAA expansion rate (mm/year)techniques for relative thrombus age determination do not
provide the actual number of days or other time units, the
main focus here is to statistically analyse the number of
patients for each thrombus age phase and the distribution
trend, which is shown in Fig. 5. Due to the small size of the
female group, it is not meaningful to compare patient
numbers between males and females in each thrombus age
phase but rather to compare their percentages with respect
to total male and female numbers. It appears that 82% of
the females have relatively older thrombi (mainly in the age
phases III and IV) when compared to that of males (43%). A
consideration of the wall-weakening effect of the ILT during
ageing18 would probably suggest that female thrombi are
more likely to lead to a lower, underlying aneurysmal wall
strength compared to male thrombi. To further justify this
assumption, a larger database of female patients and rele-
vant mechanical data for individuals are needed.
Mass fraction analyses suggest that there is a pronounced
lower elastin within the intimaemedia of the AAA wall for
males when compared to females. However, the female AAA
wall has a signiﬁcantly lower dry weight percentage of
collagen. In general, increased collagen content is an indi-
cator for increased collagen ﬁbre cross-linking, which, in
general, leads to a higher stiffness of the wall.
Regarding gender differences in the clinical data, female
patients had (signiﬁcantly) lower values of nicotine pack
years, diabetes, renal function (serum creatinine) and AAA
expansion rate, see Table 4. It is well known that nicotine
abuse is the main trigger for elastin loss of human aortas,
which contributes to aneurysmal development. From this
point of view, females show a lower risk of developing AAAs
than males. According to clinical experience, rupture is
more frequently associated with large and rapidly growing
aneurysms, and both parameters are signiﬁcantly higher in
males. However, these two clinically observed parameters
cannot be applied to rupture risk prediction for females,
since the female AAA walls show statistically signiﬁcantly
lower (longitudinal) tissue stiffness. A future effort is
merited to the optimisation of treatment strategies and to
develop a more reliable basis for rupture prediction, espe-
cially for female patients.p < 0.05.
Male (n ¼ 78) Female (n ¼ 12) p-Value
61 9 0.51
12 3
5 0
26.3  3.5 26.2  4.5 0.91
46.7  51.6 18.8  18.9 0.03*
11 3 0.28
1.26  0.64 0.92  0.22 0.002*
11 2 0.68
1 0 0.19
51 11
26 1
68 10 0.49
10 2
5.4  2.4 3.3  1.0 0.026*
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In summary, the luminal layers of the female thrombi are, in
general, less stiff when compared to males, while there is
no signiﬁcant difference in tissue stiffness for the medial
and abluminal layers between males and females. The AAA
wall strength in the longitudinal direction is signiﬁcantly
lower for females than for males. Gender differences are
not shown in the dissection properties of the ILT and the
adventitia within the thrombus-covered wall. However,
a signiﬁcantly lower fracture energy is quantiﬁed to dissect
within the intimaemedia composite for females when
compared to males. According to the relative thrombus age,
82% of female thrombi are in the age phases III and IV
(relatively older ILT), which is much higher than those of
male thrombi, 43%. Moreover, female AAA walls have
signiﬁcantly lower dry weight percentages of collagen, and
a pronounced lower elastin content is identiﬁed for the
intimaemedia composite of male AAA walls. In terms of key
clinical factors, males have signiﬁcantly higher nicotine pack
years, serum creatinine and AAA expansion rates than
females, which relate to their higher risk of developing
AAAs. These ﬁndings provide a more comprehensive
understanding of gender differences in the AAA lesions and
may explain higher risks of AAA development and rupture
from a gender perspective.
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